Abstract: Constraints on the heavy sterile neutrino mixing angles are studied in the framework of a minimal supersymmetric SO(10) model with double see-saw mechanism. A new singlet matter in addition to the right-handed neutrinos is introduced to realize the double see-saw mechanism. The minimal SO(10) model gives an unambiguous Dirac neutrino mass matrix, which enables us to predict the masses and the mixing angles in the enlarged 9 × 9 neutrino mass matrix. Mixing angles between the light Majorana neutrinos and the heavy sterile neutrinos are shown to be within the LEP experimental bound on all ranges of the Majorana phases.
Recent neutrino oscillation data opened up a new window to prove physics beyond the Standard Model. The see-saw mechanism [1] can give a guideline to construct models of new physics through the existence of the right-handed neutrinos. Although the essential concept of the see-saw mechanism is the same, there can be many possibilities according to the types of the see-saw mechanism. For instance, as motivated by the superstring inspired E 6 models, we come to consider the double see-saw mechanism [2, 3, 4, 5, 6 ] and it's extension, the type-III see-saw mechanism [7, 8] . In this letter we add some new aspects on the mixing angles between active and sterile neutrinos in the enlarged 9 × 9 mass matrix. The constraints on the mixing angles are imposed so as to satisfy the current neutrino oscillation data. We accept the same Lagrangian as in [5] . That is, we add a new singlet matter (S) in addition to the right-handed neutrino (ν c ) per a generation. The Lagrangian in this model is given by
where L j is the lepton doublet, and H u , H s are the SU (2) L doublet, singlet Higgs fields. The mass terms of the Lagrangian (1) are re-written in a matrix form in the base with {ν, ν c , S} as follows [2, 3, 4, 5, 6] ,
Here 
On the other hand, the full 9 × 9 mass matrix (2) can be diagonalised by using a unitary matrix U as
where
If the eigenvalues of each 3 × 3 matrix satisfy µ s ≪ m Di ≪ M Di as was assumed in [5] , the light mass eigenvalue is roughly given
The MNS mixing matrix U MNS is the first 3×3 part of this unitary matrix U ,
Here the label A runs over the extra mass eigenstates A = 4, · · · , 9, and the extraordinary matrix element U eA gives a sterile to active neutrino mixing angle that have to be small enough so as to satisfy the current experimental bound, which is obtained from the invisible decays of the Z boson measured in L3 experiment at LEP. After integrating out the heavy singlets, ν c and S, we obtain the effective light neutrino mass matrix as
This light Majorana mass matrix can be diagonalised by the MNS matrix,
In order to make a prediction on the Dirac neutrino mass matrix m D , we make use of the minimal SO(10) model [9] , which becomes compatible with neutrino oscillation data by considering the CP phases [10, 11] and furthermore the RGE effects [12] . See also [13, 14, 15, 16, 17] for the type-II see-saw and [18, 19] for fitting refinement.
In the minimal SO(10) model the Dirac neutrino mass matrix m D is almost unambiguously fixed from the data of 9 masses of charged fermions and 3 mixing angles and 1 CP phase in the CKM matrix, irrespective to the types of the see-saw mechanism. The type of the see-saw mechanism affects on the choice of the input data like the masses of strange and top quarks. The compact review of fixing m D should be addressed to [5] . For the light Dirac neutrino mass matrix m D , we input the values which are predicted in the previous paper [5] . However, unlike the case of minimal SO(10) GUT model, we can not fix σ (the only unknown parameter in the minimal SO(10) model before fitting with neutrino oscillation data [10] ). So we can obtain the heavy Dirac neutrino mass matrix M D as a function of µ s and the three undetermined parameters, σ, two Majorana phases ϕ 1 and ϕ 2 in the MNS mixng matrix for fixed U e3 = 0. We note that the Dirac phase has little effect on our calculations if U e3 has non-zero tiny values. Then, we get a prediction on the mass spectra and the active to sterile neutrino mixing angles for µ s = 1 [keV] in Fig. 1 and 3 . In these Figures we varied the parameters ϕ 1 , ϕ 2 and σ from 0 to 2π. The same results for the case of µ s = 100 [eV] are shown in Fig. 2 and 4 . This shows that if the parameter µ s varies from 1 [keV] to 100 [eV], then we obtain the result which shows one order of magnitude larger mixing angles and one half order of magnitude smaller mass eigenvalues. That is similar for the case of larger value of the parameter µ s .
The results in Fig. 3 and 4 show that there exists a parameter space for µ s around keV scale, which is allowed by the present experiments [20] . The allowed ranges for each mass eigenvalues and the mixing angles are listed in Table 1 and 2. Also it may be worthwhile noticing that such keV scale lepton number violation may lead to an interesting signature in the neutrinoless double beta decay [21] or becomes a possible candidate for the cold dark matter [22] . These subjects are the topics for the future study. −0.14498 < log 10 |U e9 | 2 < −0.14047 −0.14268 < log 10 |U e9 | 2 < −0.14267 
